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Description 

FIELD OF THE INVENTION * 

5 The present invention relates to a magnetoresistive (MR) 'read head used in a magnetic disk device, particularly 

relates. to a MR transducer with magnetic material multilayers known as a spin-valve structure and to a method of man- 
ufacturing the same. * , 

DESCRIPTION OF THE RELATED ART / :*.' 

10 - ' 

A MR read head utilizing the MR effect has been known as it can provide higher output irrespective of relative 
speed with respect to a recording medium. 

In a conventional MR transducer, a magnetic thin film made of an alloy of NiFe or NiCo is generally adopted. 
Recently, with demand for a higher output head, advanced magnetoresistance (MR) properties of magnetic multilayers 
15 of a magnetic material layer and a nonmagnetic material layer have attracted great attention. 

Although a general NiFe alloy thin film will have for example a MR ratio of about 2 %, H.Yamamoto et al., "Magne- 
toresistance of multilayers with two magnetic components", Journal of Magnetism and Magnetic Material, 99 (1991), 
pp.243-252 discloses that a magnetic multilayers formed by alternately layering NiFe alloy thin films and Co thin films 
and by interleaving Cu thin films between the respective magnetic layers exhibits a larger MR effect of about 10 % at 
20 room temperature. Also, S.S.R Parkin, "Oscillations in giant magnetoresistance and antiferromagnetic coupling in 
[Ni 81 Fe 19 /Cu] N multilayers", Applied Physics Letters, Vol.60, No. 4, 27 January 1992, pp.51 2-514 discloses that a mag- 
netic multilayers formed by alternately layering NiFe thin films and Cu thin films exhibits a MR ratio exceeding 16 % for 
external magnetic field of about 600 Oe. 

Among various magnetic material multilayers, spin-valve structures have attracted the greatest attention due to its 
25 very high magnetic sensitivity. The spin-valve structures are for example disclosed in B.Dieny et al.. "Giant magnetore- 
sistance in soft ferromagnetic multilayers". PHYSICAL REVIEW B. Vol.43. No.1, 1 January 1991, pp.1297-1300. 
B.Dieny et al.. "Magnetotransport properties of magnetically soft spin-valve structures (invited)", Japanese Applied 
Physics, Vol.69, No.8, 15 April 1991, pp. 4774-4779, * and Japanese Patent Unexamined Publication No.4(1992)- 
358310. 

30 A fundamental spin-valve structure is a multilayered structure consisting of a ferromagnetic material layer, a non- 
magnetic material layer, a ferromagnetic material layer and an antiferromagnetic material layer. The magnetization of 
the ferromagnetic material layer adjacent to the antiferromagnetic material layer is pinned due to an exchange bias 
magnetic field applied from the antiferromagnetic material layer, whereas the magnetization of the other ferromagnetic 
material layer can freely rotate depending upon the external magnetic field applied thereto. Thus, magnetization switch- 
es ing is introduced by different magnetic field between the two ferromagnetic material layers. The magnetization orienta- 
tions of the two magnetic material layers therefore change between in parallel and in antiparaliel with each other so that 
the electrical resistivity of this spin-valve structure greatly varies to obtain a giant MR effect. In the aforementioned doc- 
ument of B.Dieny et al., "Magnetotransport properties of magnetically soft spin-valve structures (invited)", Japanese 
Applied Physics, VoL69, No.8, 1 5 April 1 991 , pp.4774-4779, it is described that a giant MR effect such as a MR ratio of 
40 4.1 % in an external magnetic field of 10 Oe can be obtained by a spin-valve structure. 

General spin-valve structures will have multilayers of NiFe/Cu/NiFe(or Co)/FeMn. The NiFe layer will be a permalloy 
of Ni : Fe = 81 : 19 (at%). Although various kinds and also compositions of the ferromagnetic material layer have been 
investigated, it has been recognized that the above-mentioned composition is optimum for obtaining good soft magnetic 
properties and giant MR effects. As for the ferromagnetic layer material pinned by the antiferromagnetic material layer, 
45 Co or an alloy containing Co may be used other than NiFe so as to provide a high MR ratio. Composition of the FeMn 
used for the antiferromagnetic layer material is in general Fe : Mn = 50 : 50 (at%). FeMn exhibiting antiferromagnetic 
properties will be y -FeMn. An under layer (buffer layer) material for obtaining strong texture with respect to this antifer- 
romagnetic material layer has been investigated. For example, R.Nakatani et al., "Magnetoresistance and Preferred 
Orientation in Fe-Mn/Ni-Fe/Cu/Ni-Fe Sandwiches with Various Buffer Layer Materials", Japanese Applied Physics, 
so Vol.33, Part 1 , No.1 A, January 1994, pp. 133-1 37 reports that forming of fee metals or alloy film on metal layer materials 
of Ta, Hf or Ti, for example will result strong texture. 

Since the FeMn alloy film exhibits poor corrosion resistance and lower blocking temperature, as well as large ther- 
mal dependency of an exchange bias field, another antiferromagnetic layer materials instead of FeMn are searched. 
T.Lin et al., "Improved exchange coupling between ferromagnetic Ni-Fe and antiferromagnetic Ni-Mn-based films", 
55 Applied Physics Letters, Vol.65, No.9, 29 August 1994, pp.1183-1 185 discloses that NiMn exhibits high blocking tem- 
perature, stable exchange bias field and improved corrosion resistance. However, in order to exhibit antiferromagnetic 
properties, NiMn is required to take long time annealing process in a magnetic field at high temperature. 

F.Koike et al., "Giant Magnetoresistance Effect of Spin-valve Multilayers Using Various Antiferromagnetic Material 
Layers", Abstract of Lecture at Spring Congress of Japanese Metallic Society, No.976, 1995, p.362 reports a spin-vaive 
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multilayers using NiMn as its antiferromagnetic layer material. However, this document discloses only a structure of 
NiFe/Cu/NiFe/NiMn only and there is no disclosure with respect to MR characteristics. 

Japanese Patent Unexamined Publication No.5( 1993)-34701 3 discloses usage of oxide such as NiO as for another 
antiferromagnetic layer materials. 

s As mentioned above, the antiferromagnetic layer material of NiMn exhibits high blocking temperature and low ther- 

mal. dependency of exchange bias field, as well as excellent corrosion resistance. However, in order to obtain good anti- 
ferromagnetic properties, it is necessary for NiMn to perform a long time annealing process in a magnetic field at high 
temperature so as to form e phase. Since- the conventional. spin -valve structure is fundamentally constituted by multi- 
. layers of a first ferromagnetic material layer, a nonmagnetic material; layer, a second ferromagnetic material' layer -and 

io an antiferromagnetic material layer, the annealing process has to be performed after the deposition of the antiferromag- 
netic material layer, namely after the deposition of all the layers of the spin-valve structure. Accordingly, mutual diffu- 
sions will occur at the interface between the nonmagnetic and second ferromagnetic material layers due to solution of 
Ni and Cu causing its MR ratio to reduce. 

15 SUMMARY OF THE INVENTION . 

It is therefore an object of the present invention to provide a MR transducer with a spin-valve structure and a 
method of manufacturing the MR transducer, whereby a giant MR effect can be stably obtained. 

Another object of the present invention is to provide a MR transducer with a spin -valve structure and a method of 
20 manufacturing the MR transducer, whereby a high MR ratio can be obtained. 

Further object of the present invention is to provide a MR transducer with a spin-valve structure and a method of 
manufacturing the MR transducer, whereby a large exchange bias field can be applied from ah antiferromagnetic mate- 
rial layer. 

Still further object of the present invention is to provide a MR transducer with a spin-valve structure and a method 
25 of manufacturing the MR transducer, whereby a high blocking temperature and a low thermal dependency of exchange 
bias field, as well as an excellent corrosion resistance. 

According to the present invention, a MR transducer with a soin-valve structure formed on a substrate is provide d. 
The spin-valve structure has at least an antiferromagnetic material layer made of a NiMn alloy, a first ferromagnetic 
material laver. a nonmagnetic material layer and a second ferromagnetic material layer s euu^nl i a llyd epooit od on th e 
30 su bstrate in this order. . 

c Also, according to the present invention, a MR transducer with a double spin-valve structure formed on a substrate 
is provided. The double spin-valve structure has at least a first antiferromagnetic material layer ma de of a NiMn alloy, a 
fi rst ferromagnetic material layer, a first nonmagnetic material layer, a second ferromagnetic material layei, a seeond 
jTnnrna gnAtin material laye r, n thiM Wrr ^rinP Q tic material layer and a second antiferromagnetic mater ial layer seqtren- 

35 ti ally deposited nn the substrate in this order. " " ' " ■ . 

Since the antiferromagnetic material layer (first antiferromagnetic material layer) made of the NiMn alloy is disposed 
on the substrate side with respect to the nonmagnetic material layer (first nonmagnetic materia! layer) and the second 
ferromagnetic material layer, this NiMn alloy layer can be deposited and annealed in a magnetic f ield before depositions 
of the nonmagnetic material layer (first nonmagnetic material layer) and the second ferromagnetic material layer. Thus, 

40 even if a long time annealing process in a magnetic field at high temperature is performed in order to obtain good anti- 
ferromagnetic properties from the NiMn layer, no mutual diffusion will occur at the interface between the nonmagnetic 
material layer (first nonmagnetic material layer) and the second ferromagnetic material layer, which will cause the MR 
ratio to reduce. As a result, a MR transducer stably exhibiting a giant MR effect can be provided according to the present 
invention. 

45 Also, since the NiMn alloy is used for the antiferromagnetic material layer (first antiferromagnetic material layer) 

instead of FeMn alloy, an exchange bias field from this antiferromagnetic material layer can be made large. Further- 
more, a MR transducer with the antiferromagnetic material layer exhibiting a high blocking temperature and a low ther- 
mal dependency of exchange bias field, and with an excellent corrosion resistance can be provided. 

In the double spin-valve structure, since the NiMn alloy which can provide good antiferromagnetic properties is 

so used for the first antiferromagnetic layer, material, possible disturbances of the pinned magnetization orientation due to 
the magnetic field produced by the sense current can be effectively prevented. Of course, the double spin-valve struc- 
ture can stably provide a larger MR ratio than that by means of the fundamental spin-valve structure. 

It is preferred that the transducer has a magnetoresistance ratio of 3.0 % or more and an exchange bias field of 100 
Oe or more. 

55 Preferably, a layer thickness of the antiferromagnetic material layer (the first antiferromagnetic material layer) is 50- 
500 Angstrom. 

It i ^aiso preferred that each of the first and secon d ferxoip aqa o t i c m a to tt ai-'aypR (the f irgt , third ferro- 

rngjnf^c material hy^fffH^^ 0 7ff "5""R |lf >y f^ntqinina ^at least one of Ni, Fe and Co. and j hat aTayer thickn ess of 'the 
first ferromagnetic material layer is 15-150 Angstrom. — - 
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It is further preferred that the nonmagnetic material layer (each of the first and second nonmagnetic material layers) 
/ is made of at least one of Cu, Ag and Au, and thai a layer thickness of the nonmagnetic material layer (the first nonmag- 
L. agjic material layer) is 15-50 Angstrom. §Dt> r l 

By using these materials and layer thicknesses, a MR transducer with a high MR ratio can be provided. 
5 Preferably, the spin-valve structure (double spin-valve structure) has an under layer deposited on the substrate as 

a lowest layer of the spin-valve structure, and the under layer is made of a metal of at least one of Ta, Hf, Cr, Nb, Zr and 

Ti: * • ~ . 

Particularly, using a proper under layer wiH cause the double spin-valve -structure to stably provide a larger MR ratio 

than that by means of the fundamental spin-valve structure. Also, this causes the double spin-valve structure to reduce 
io a resistance between its electrodes. Furthermore, the double spin-valve structure with a proper under layer can prevent 

possible disturbances of the pinned magnetization orientation due to the magnetic field produced by the sense current. 
According to the present invention, furthermore, a method of manufacturing a MR transducer with a spin-valve 

structure is provided. The method includes a deposition process for depositing thin-film layers on a substrate and an 

annealing process of annealing the deposited layers in a magnetic field. The deposition process has steps of sequen- 
is tially depositing at least an antiferromagnetic material layer, made of a NiMn alloy, a first ferromagnetic material layer, a 

nonmagnetic material layer and a second ferromagnetic material layer on the substrate in this order. The annealing 

process is performed before the depositing steps of the nonmagnetic material layer and the second ferromagnetic 

material layer. 

Also, according to the present invention, a method of manufacturing a MR transducer with a double spin-valve 

20 structure is provided. The method includes a deposition process for depositing thin-film layers on a substrate and an 
annealing process of annealing the deposited layers in a magnetic field. The deposition process has steps of sequen- 
tially depositing at least a first antiferromagnetic material layer made of a NiMn alloy, a first ferromagnetic material layer, 
a first nonmagnetic material layer, a second ferromagnetic material layer, a second nonmagnetic material layer, a third 
ferromagnetic material layer and a second antiferromagnetic material layer. The annealing process is performed before 

25 the depositing steps of the first nonmagnetic material layer and the second ferromagnetic material layer. 

It is preferred that the annealing process is a process for forming 0 phase of the NiMn, and is performed before or 
after the depositing step of the first ferromagnetic material layer. 

Since the antiferromagnetic material layer (the first antiferromagnetic material layer) made of the NiMn alloy is 
deposited and annealed in a magnetic field before depositions of the nonmagnetic material layer (the first nonmagnetic 

30 material layer) and the second ferromagnetic material layer, even if a long time annealing process in a magnetic field at 
high temperature is performed in order to obtain good antiferromagnetic properties from the NiMn layer, no mutual dif- 
fusion will occur at the interface between the nonmagnetic material layer (first nonmagnetic material layer) and the sec- 
ond ferromagnetic material layer, which will cause the MR ratio to reduce. As a result, a M R transducer stably exhibiting 
a high MR effect can be manufactured according to the present invention. 

35 Further objects and advantages of the present invention will be apparent from the following description of the pre- 
ferred embodiments of the invention as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Fig. 1 is an oblique sectional view schematically showing a part of a preferred embodiment of a MR transducer 
according to the present invention; 

Fig. 2 is a flow chart illustrating an example of manufacturing processes of the embodiment shown in Fig. 1 ; 
Fig. 3 is a flow chart illustrating an another example of manufacturing processes of the embodiment shown in Fig. 1 ; 
Fig. 4 is an oblique sectional view schematically showing a part of an another embodiment of a MR transducer 
45 according to the present invention; 

Fig. 5 is a flow chart illustrating an example of manufacturing processes of the embodiment shown in Fig. 4; 
Fig. 6 is a flow chart illustrating an another example of manufacturing processes of the embodiment shown in Fig. 4; 
Fig. 7 is a graph illustrating X-ray diffraction patterns of a NiMn film in an example with a spin-valve structure shown 
in Fig. 1 ; 

so Fig. 8 is a graph illustrating MR response curves in an example with a spin-valve structure shown in Fig. 1 ; 

Fig. 9 is a graph illustrating thermal dependency of exchange bias field in an example with a spin-valve structure 
shown in Fig. 1 ; and 

Fig. 10 is a graph illustrating MR response characteristics in an example with a spin-valve structure shown in Fig. 
1 and with a shape similar to that of a r al MR transducer. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In Ftg. 1 which schematically shows a part of a preferred embodiment of a MR transducer according to the present 
invention, reference numeral 1 1 denotes an under layer deposited on a substrate (not shown). On the under layer 1 1 , 



4 



EP 0 749 112 A2 

an antiferromagnetic material layer 12, a first ferromagnetic material layer 13, a nonmagnetic material layer 14, a sec- / 
ond ferromagnetic material layer 15 and an antioxidant protection layer 16 are sequentially deposited in this order to | 

form a layered spin-valve structure. < J 

As is known, in a layered spin-valve structure, transport electrons are scattered and thus its MR value increases, if 
5 a magnetization orientation in its first ferromagnetic material layer differs from that in its second ferromagnetic material 
layer. The maximum magnetoresistance is attained when the magnetization orientations of the first and second ferro- 
magnetic material layers are just the opposite with each other. In the concrete spin-valve structure according to the Sy 
embodiment shown in Fig. 1, the magnetization orientation^ -of the first ferromagnetic material layer 13 is pinned by ^ <v- 'f 
means of the antiferromagnetic material layer 12, whereas the magnetization orientation of the second ferromagnetic )t 
w material layer 1 5 is freely rotated depending upon magnetic field externally applied thereto, and accordingly, a high sen- \ 
sitive MR effect can be obtained. 

In Fig. 1, furthermore, a direction of externally applied magnetic field d-j and a flowing direction of a sense current 
e! are illustrated. Pinned magnetization orientation a-i is in parallel with the direction of externally applied magnetic field 
6 A , but the sense current flows toward a direction e 1 perpendicular to these direction a 1 or d 1 . An easy axis of the see- 
rs ond ferromagnetic material layer 15 orients perpendicular to. the direction of externally applied magnetic field d-j. Thus, 
magnetization switching will occur along a hard axis with reduction of coercive force resulting a good linearity of MR 
response curve to achieve. This also results reduced noise in case that this spin-valve structure is used as a MR trans- 
ducer of the magnetic head. In general, the MR response curve is represented by a MR ratio along the axis of ordinates 
versus externally applied magnetic field along the axis of abscissas. The MR ratio is defined as A p / p s, where p s is 
20 the minimum resistivity and A p is a changed amount of the resistivity. 

Various materials can be used for each layer of the spin-valve structure according to this embodiment. For example, 
it is preferred that t he antiferroma g npt^ ™gt Qrial i=^r 1? k madfl nf M i Mn thn fir^t arad .r.r ^n nr Lferromaqnetic materj al 
l ayers 13 and 15 are made of an alloy containin g at ipa^ nne*_nf Mi Fo^anH Hn thp nrinmann fttic material layer 14 is Vfy 
made of any nnp nf r.u Ag and An It ir prpfprrpri that composition of the NiMn is Ni : Mn = 50 : 50 (at% ) partinularly. 
25 Ni : Mn = 4 4 : 56 (at%) . The first ferromagnetic material layer 13 is preferably made of Co or an alloy containing Co so Jf* 
as to achieve a higher MR ratio. The second ferromagnetic material layer 1 5 is preferably made of a material exhibiting pqo 
good soft magnetic properties, particularly made of a permalloy with composition of Ni : Fe = 81 : 19 (at%). 

The antiferromagnetic material layer 1 2 is made of NiMn because it exhibits a h igh blocking temperature and a ^ 
large exchange bias field, as well as an excellent corrosion resistance. In order to obtain good antiferromagnetic prop- ^ ^ 
30 erties from the NiMn layer, however, i t is nece ssary to form e phase in t hr NiMn lny^ h y p orfr>rrniri n a Jnnrj tjmfi flnnfra'- ^ \ 

ipq pr ocess in a magnetic fieitj aj nign temperature. If the annealing process is performed after the de position of all the \^V^ 
layers of the spin-valve structure, mutual diffusions will occu r at t ha i^pi-fa^a HotvwPAn fop nonmagnetic material lay er ^ 
1 4 and the second ferromagnetic material layer 15 due to solution of Ni and Cu, causing the MR ratio thereof to redu ce, 
as mentioned befor e. 

35 Therefore, according to this embodiment, after the NiMn layer 12 and the first ferromagnetic material layer 13 are 
deposited, the long time annealing process in a magnetic field at high temperature is performed to form the e phase 
having an antiferromagnetic property in the NiMn layer 12. Then, the surface of the first ferromagnetic layer 13 is etched 
to purify the surface, and thereafter the remaining layers of the spin-valve structure are sequentially deposited thereon. 
The thickness of the deposited first ferromagnetic material layer 13 before the annealing process and a removing thick- 

40 ness of the layer 1 3 will be optionally determined in accordance with a finally desired thickness of this first ferromagnetic 
material layer 13. 

Referring to Fig. 2, manufacturing processes of the layered spin-valve structure shown in Fig. 1 will now be 
described. First, at step S20, the under layer 1 1 is deposited on the substrate (not shown). Multilayers of Ta and NiFe 
will be utilized as the under layer 11. The Ta layer is used for smoothing the interface, whereas the NiFe layer with the 

45 fee structure is used so that the NiMn layer to be formed thereon can easily constitutes a fct structure. The under layer 
1 1 can be made of one of Hf, Cr, Nb, Zr and Ti other than the above-mentioned composition. Then, at steps S21 and 
S22, the antiferromagnetic material layer 12 of NiMn and the first ferromagnetic material layer 13 are deposited in 
sequence. At the next step S23, a long time annealing process in a magnetic field at high temperature with respect to 
the multilayers is performed to form 8 phase of NiMn alloy. Then, at steps S24 to S26, the nonmagnetic material layer 

so 14, the second ferromagnetic material layer 1 5 and the antioxidant protection layer 1 6 are sequentially deposited in this 
order to form a layered spin-valve structure. 

The annealing process in a magnetic field can be carried out before the deposition of the first ferromagnetic mate- 
rial layer 13 on condition that it is done after the deposition of the antiferromagnetic material layer 12 of NiMn. Referring 
to Fig. 3 which illustrates this manufacturing processes, first, at step S30, the under layer 11 is deposited on the sub- 

55 strate (not shown). Then, at step S31 , the antiferromagnetic material layer 12 of NiMn is deposited on the under layer 
1 1 . At the next step S32, a long time annealing process in a magnetic field at high temperature with respect to the mul- 
tilayers is performed to form e phase of NiMn alloy. Then, at steps S33 to S36, the first ferromagnetic material layer 13, 
the nonmagnetic material layer 14, the second ferromagnetic material layer 15 and the antioxidant protection layer 16 
are sequentially deposited in this order to form a layered spin-valve structure of the MR transducer. 
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. 4 schematically shows a part of an another embodiment of a MR transducer. according to the present invention. 
In the figure, reference numeral 41 denotes an under layer deposited on a substrate (not shown). On the under layer 
41, a first antiferromagnetic material layer 42, a first ferromagnetic material layer 43, a first nonmagnetic material layer 
44, a second ferromagnetic material layer 45, a second nonmagnetic material layer 46, a third ferromagnetic material 
-layer 47, a second antiferromagnetic material layer 48 and an antioxidant protection layer 49 are sequentially deposited 
in this order to. form a layered. spin-valve structure. Namely, in this embodiment, the MR transducer has a double spin- 
^-ualye structure. 

The magnetization orientation a 2 and 03 of the first and third ferromagnetic material layers 43 and 47 are respec- 
tively pinned by means of the first and second antiferromagnetic materiaf layers 42 and 48, whereas the magnetization 
10 orientation b 2 of the second ferromagnetic material layer 45 is freely rotafed depending upon magnetic field externally 
applied thereto, and accordingly, a high sensitive MR effect can be obtained. In the double spin-valve structure, since 
both interfaces of the second ferromagnetic material layer 45 contribute to MR changes, higher MR effect than that in 
the fundamental spin-vaive structure. 

Fig. 4 also illustrates a direction of externally applied magnetic field d 2 and a flowing direction of a sense current e 2 
is which are similar to these in the embodiment shown in Fig. 1 . 

The first, second and third ferromagnetic material layers 43, 45 and 47 may be made of an alloy containing at least 
one of Ni, Fe and Co. However, it is preferred that the second ferromagnetic material layer 45 is made of a material 
exhibiting good soft magnetic properties, particularly made of a permalloy with composition of Ni : Fe = 81 : 19 (at%). 
The first and third ferromagnetic material layers 43 and 47 are preferably made of Co or an alloy containing Co so as to 
20 achieve a higher MR ratio. The first and second nonmagnetic material layers 44 and 46 may be made of any one of Cu, 
Ag and Au, but they are preferably made of Cu. 

In this double spin-valve structure, the first antiferromagnetic material layer 42 is made of NiMn, whereas the sec- 
ond antiferromagnetic material layer 48 is made of FeMn. It is preferred that composition of NiMn is Ni : Mn = 50 : 50 
(at%). 

25 Hereinafter, influence of a magnetic field produced by sense current flowing through the first and second nonmag- 

netic material layers 44 and 46 will be described. This field can be ignored if the size of the transducer is large and 
therefore a current density of the sense current is small However, for a MR transducer of the magnetic head, large influ- 
ence of the field will be resulted. The field produced by the current flowing through the first nonmagnetic material layer 
44 orients to the opposite direction with respect to the pinned magnetization orientation in the first ferromagnetic mate- 

30 rial layer 43. On the other hand, the field produced by the current flowing through the second nonmagnetic material 
layer 46 orients to the same direction with respect to the pinned magnetization orientation in the third ferromagnetic 
material layer 47. Therefore, the magnetization orientation in the third ferromagnetic material layer 47 is stable, whereas 
the magnetization orientation in the first ferromagnetic material layer 43 will tend to be disturbed. 

According to this embodiment, however, since the first antiferromagnetic material layer 42 is made of NiMn which 

35 has a high blocking temperature and a large exchange bias field, the magnetization orientation of the first ferromagnetic 
material layer 43 can be strongly pinned. In this embodiment, NiMn is used only for the first ferromagnetic material layer 
43 because, as aforementioned, this NiMn requires to be annealed at a high temperature in a magnetic field for a long 
time. Since, disturbance of the magnetization orientation may occur only in the first ferromagnetic material layer 43, it 
is advantageous to form only the first antiferromagnetic material layer 42 by NiMn which has a high blocking tempera- 

40 ture and a large exchange bias field. 

In this embodiment, as well as done in the previous embodiment of Fig. 1, after the NiMn layer (the first antiferro- 
magnetic material layer) 42 and the first ferromagnetic material layer 43 are deposited, the long time annealing process 
in a magnetic field at a high temperature is performed to form the 6 phase having an antiferromagnetic property in the 
NiMn layer 42. Then, the surface of the first ferromagnetic layer 43 is etched to purify the surface, and thereafter the 

45 remaining layers of the double spin-valve structure are sequentially deposited thereon. 

Referring to Fig. 5, manufacturing processes of the layered double spin-valve structure shown in Fig. 4 will now be 
described. First, at step S50, the under layer 41 is deposited on the substrate (not shown). Multilayers of Ta and NiFe 
will be utilized as the under layer 41. The Ta layer is used for smoothing the interface, whereas the NiFe layer with the 
fee structure is used so that the NiMn layer to be formed thereon can easily constitutes a fct structure. The under layer 

so 41 can be made of one of Hf, Cr, Nb, Zr and Ti other than the above-mentioned composition. Then, at steps S51 and 
S52, the first antiferromagnetic material layer 42 of NiMn and the first ferromagnetic material layer 43 are deposited in 
sequence. At the next step S53, a long time annealing process in a magnetic field at high temperature with respect to 
the multilayers is performed to form e phase of NiMn alloy. Then, at steps S54 to S59, the first nonmagnetic material 
layer 44, the second ferromagnetic material layer 45, the second nonmagnetic material layer 46, the third ferromagnetic 

55 material layer 47. the second antiferromagnetic material layer 48 and the antioxidant protection layer 49 are sequentially 
deposited in this order to form a layered double spin-valve structure of the MR transducer: 

The annealing process in a magnetic field can be carried out before the deposition of the first ferromagnetic mate- 
rial layer 43 on condition that it is done after the deposition of the first antiferromagnetic material layer 42 of NiMn. Refer- 
ring to Fig. 6 which illustrates this manufacturing processes, first, at step S60, the under layer 41 is deposited on the 
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substrate (not shown). Then, at step S61 , the first antiferromagnetic material layer 42 of NiMn is deposited on the under 
layer 41 . At the next step S62, a long time annealing process in a magnetic field at high temperature with respect to the 
multilayers is performed to form 6 phase of NiMn alloy. Then/at steps S63 to S69, the first ferromagnetic material layer 
43, the first nonmagnetic material layer 44, the second ferromagnetic material layer 45. the second nonmagnetic mate- 
5 rial layer 46, the third ferromagnetic material layer 47, the second antiferromagnetic material layer 48 and the antioxi- 
dant protection layer 49 are sequentially deposited inthis order to form a layered double spin-valve structure of the MR 
transducer. 

• EXAMPLE 1 ' 

io 

As for a sample tor valuation, a fundamental spin-valve' structure shown in Fig. 1 is deposited on a glass substrate 
with a size of 3 inches. The depositions are performed on the glass substrate by RF magnetron sputtering and ion beam 
sputtering. Conditions of the RF magnetron sputtering are such that an ultimate vacuum is 5 x 10" 4 Pa or less, a vacuum 
at the sputtering is about 4 x 10* 1 Pa, a rate of Ar gas flow is 5 seem and an RF power is 500 W. Conditions of the ion 
is beam sputtering are such that an ultimate vacuum is 5 x "IO" 4 Pa or (ess, a vacuum at the sputtering is about 1.2x 10' 
2 Pa, a rate of Ar gas flow is 7 seem, an accelerating voltage of a sputter gun is 300 V and an ion current is .30 mA. The 
films were deposited in a magnetic field of up to about 100 be. 

Sequence of manufacturing processes of this sample is as follows. As shown in Fig. 2, at first, an under layer 1 1 , a 
NiMn film of an antiferromagnetic material layer 12 and a Co film of a first ferromagnetic material layer 13 are sequen- 
ce tially deposited in this order on a glass substrate by the RF magnetron sputtering, and then the substrate with the 
deposited multilayers are taken out from a sputtering chamber. Then, the substrate with the multilayers is set in a heat 
treat furnace and annealed at a high temperature of 250 °C or more in a magnetic field of 3 kOe for a long time. In this 
example, a heat treatment wherein temperature is kept at the high temperature for 5 hours and thereafter reduced to 
room temperature is repeated three times. After the annealing process, the substrate with the multilayers is set in an 
25 ion beam sputtering device and the surface of the Co film 13 is etched by ion milling to purify the surface. Thereafter, 
the remaining layers of the spin-valve structure are sequentially deposited thereon. Composition of the NiMn in this 
example is Ni : Mn = 50 : 50 (at%). 

Fig. 7 illustrates X-ray diffraction patterns of a NiMn film before and after the annealing process." In order to detect 
the diffraction patterns, a sample of Ta(50 Angstrom)/NiMn(500 Angstrom)/Ta(50 Angstrom) is used. A peak of the fct 
so structure is detected and thus 0 phase exhibiting antiferromagnetic properties is formed after annealing, whereas peaks 
of the fee structure are detected before the annealing. 

Table 1 indicates materials of each layer, thicknesses (Angstrom) of each layer, a MR ratio (%), an exchange bias 
field (Oe) and a condition of annealing process after deposition of a NiMn film with respect to each sample of spin-valve 
structures manufactured based upon various conditions. 
35 The materials ml, m2,..., m7 and their thickness t1 , t2,..., t7 correspond to the multilayers deposited on the sub- 
strate in this order. Namely, materials of the under layer 1 1 are indicated by ml and m2 (layer thicknesses t1 and t2), a 
material of the antiferromagnetic layer 12 is indicated by m3 (layer thickness t3), a material of the first ferromagnetic 
layer 13 is indicated by m4 (layer thickness t4), a material of the nonmagnetic layer 14 is indicated by m5 (layer thick- 
ness t5), a material of the second ferromagnetic layer 1 5 is indicated by m6 (layer thickness t6) and a material of the 
40 protection layer 16 is indicated by m7 (layer thickness t7). The layer thickness in the each sample is selected in opti- 
mum. 
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It will be understood from Table 1 that the samples (sample nos, 1 -3) which are formed by depositing the layers 1 1 
to 13, then by annealing the deposited layers at a high temperature in a magnetic field and thereafter by depositing the 
remaining layers exhibit enough MR ratio and enough exchange bias fields. However, the reference example (sample 
no. 4) which is formed by depositing ail the layers and then by annealing at 200 °C exhibits a poor exchange bias field 
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(210 Oe). Also, the reference example (sample no. 5) which is formed by depositing all the layers and then by annealing 
at 350 °C cannot obtain a good MR ratio because of mutual diffusions occurring at the interface between the Cu layer 
(nonmagnetic material layer 14) and the.NiFe layer (second ferromagnetic material layer 15). It is not essential condi- 
tions to provide the under layer, but the under layer will be advantageous for increasing the exchange bias field. Fig. 8 
5 indicates MR response curves of the no. 1 sample which exhibits the best MR effect. 

Tables2-5 indicate a MR. ratio (%) and an exchange bias field (Oe) with respect to each sample which has the same 
layer structure as that of the no. 1 sample shown in Table 1 but has different layer thicknesses or different annealing 
conditions. - ' " . " 

w ' "". 

TABLE 2 



SAMPLE NO. 


LYAER THICKNESS (A) (t1 , 
t2, t3,t4. t5/t6,t7)" 


MR 
RATIO (%) 


EXCHANGE BIAS 
■ FIELD (Oe) 


6 (reference example) 


(50, 50, 20, 45, ; 25, 100,50) 


0.7 


15 


7 


(50, 50,50, 45/25, 100,50) 


3.0 


100 


8 


(50, 50, 100, 45, 25, 100, 50) 


3.8 


210 


1 


(50, 50, 250, 45, 25, 100, 50) 


4.0 *' 


350 


9 


(50, 50, 500, 45, 25, 100, 50) 


3.0 


370 


10 (reference example) 


(50. 50, 1000, 45, 25/100, 50) 


1.8 


380 


MATERIALS ; (Ta, NiFe, NiMn, Co, Cu, NiFe, Ta) 

CONDITION OF ANNEALING PROCESS ; 350°C ( 5 hours x 3 times 



TABLE 3 



SAMPLE NO. 


LYAER THICKNESS (A) (t1 , 
t2, t3, t4, t5, t6, t7) 


MR 
RATIO (%) 


EXCHANGE BIAS 
FIELD (Oe) 


1 1 (reference example) 


(50, 50, 250, 10, 25, 100. 50) 


2.1 


420 


12 


(50, 50.250, 15, 25, 100, 50) 


3.0 


400 


13 


(50, 50. 250, 30, 25, 100, 50) 


3.6 


380 


1 


(50, 50. 250, 45, 25, 100, 50) 


4.0 


350 


14 


(50, 50, 250, 60, 25, 100, 50) 


4.2 


250 


15 


(50, 50. 250, 150, 25, 100, 50) 


3.9 


100 


1 6 (reference example) 


(50, 50, 250, 200, 25, 100, 50) 


1.7 


40 


MATERIALS ; (Ta, NiFe, NiMn, Co. Cu, NiFe. Ta) 

CONDITION OF ANNEALING PROCESS ; 350°C. 5 hours x 3 times 
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SAMPLE No. 


LYAER THICKNESS (Aj (ti, 
t2, t3, t4,t5, t6,t7)' 


MR ■ 
RATIO (%) 


EXCHANGE BIAS 
FIELD (Oe) 


17 (reference example) 


(50, 50, 250, 45, 10, 100, 50) 


2.1 


280 


18 . 


(50, 50, 250, 45, 15, 100, 50) 


"3.7 


310 


1 


(50. 50, 250, 45. 25, 100, 50) 


" v 4.0 


350 


19 


(50, 50, 250, 45, 50, 100, 50) 


3.0 


350 


20 (reference example) 


(50, 50, 250, 45, 80, 100, 50) 




350 


MATERIALS ; (Ta, NiFe, NiMn, Co, Cu, NiFe, Ta) 

CONDITION OF ANNEALING PROCESS; 350 °C, 5 hours x 3 times 



TABLE 5 



SAMPLE NO. 


MR 
RATIO (%) 


EXCHANGE BIAS 
FIELD (Oe) 


CONDITION OF 
ANNEALING PROCESS 


21 (reference example) 


0.4 


20 


200°C ,10 hours x 2 times 


22 


3.0 


195 


250°C ,10 hours x 2 times 


1 


4.0 


310 


300°C ,10 hours x 2 times 


23 


4.0 


400 ■ 


400°C ,10 hours x 2 times 


24 


3.8 


420 


450°C ,10 hours x 2 times 


MATERIALS ; (Ta, NiFe, NiMn, Co, Cu, NiFe, Ta) 



35 

Table 2 shows MR ratios and exchange bias fields of various samples (sample nos. 1 and 6-10) with different thick- 
nesses t3 of the antiferromagnetic material layer 12 (NiMn layer). In order to obtain a larger exchange bias field, the 
NiMn layer for the antiferromagnetic layer tends to slightly thicker than the FeMn layer. The sample with a too thin NiMn 
layer (no. 6 sample) cannot obtain enough exchange bias field nor good MR effect. The samples with thicknesses t3 of 

40 50 or more Angstrom (nos. 1 and 7-9 samples) exhibit exchange bias fields of 100 Oe or more as well as MR ratios of 
3.0 % or more. Preferably large exchange bias field can be obtained by the samples with the thicknesses t3 of about 
250 or more Angstrom (nos. 1 and 9). If the thickness t3 increases more than 500 Angstrom, although the exchange 
bias field gradually increases but the MR ratio decreases because the NiMn layer itself has no effect for increasing the 
MR ratio. Therefore, preferable thickness of the NiMn layer is about 500 or less Angstrom. In other words, the thickness 

45 t3 of the antiferromagnetic material layer 12 is preferably within a range of 50 Angstrom ^ t3 ^ 500 Angstrom (nos. 1 
and 7-9 samples). 

Table 3 shows MR ratios and exchange bias fields of various samples (sample nos. 1 and 11-16) with different 
thicknesses t4 of the first ferromagnetic material layer 13 (Co layer). The sample with the first ferromagnetic layer 13 
with the thickness t4 of 15 Angstrom (no. 1 2 sample) exhibits a MR ratio of 3.0 %. Thus, it is preferred that the thickness 

so t4 is equal to or more than 1 5 Angstrom. If the thickness t4 increases, a larger MR ratio can be expected, until the thick- 
ness of 60 Angstrom (sample nos. 1 and 12-14), due to increased scattering capability of conduction electrons. How- 
ever, if the thickness t4 increases more than 60 Angstrom, the exchange bias field decreases causing unsatisfied 
pinning. Furthermore, if the thickness t4 increases more than 150 Angstrom, the MR ratio is extremely reduced. There- 
fore, the most preferable thickness t4 of the Co layer is about 45 Angstrom (sample no. 1). In other words, the thickness 

55 t4 of the first ferromagnetic material layer 13 is preferably within a range of 15 Angstrom ^ t4 ^ 150 Angstrom (nos. 1 
and 12-15 samples). Since the NiMn layer for the antiferromagnetic layer exhibits a larger exchange bias field than the 
FeMn layer, the Co layer with the NiMn layer can be formed thicker than that with the FeMn layer causing a higher MR 
ratio. 

Table 4 shows MR ratios and exchange bias fields of various samples (sample nos. 1 and 17-20) with different 
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thicknesses t5 of the nonmagnetic material layer 14 (Cu layer). The thickness t5 of the Cu layer 14 affects an intensity 
of magnetic coupling between the first and second ferromagnetic material layers 13 and 15 because it corresponds to 
the space between these ferromagnetic layers 13 and 15: If the thickness t5 of the Cu layer is too thin (no. 17 sample), 
that sample will exhibit a poor MR ratio because magnetization of the second ferromagnetic material layer (NiFe layer) 

5 15 cannot be freely switched with respect to the first ferromagnetic layer (Co layer) 13. Contrary to this, if the thickness 
t5 of the Cu layer is too thick (no. 20 sample), the MR ratio is extremely reduced due to reduced scattering capability of 
conduction electrons. Therefore, the thickness t5 of the nonmagnetic material layer 14 is preferably within a range of 15 
Angstrom ^ t5 ^ 50 Angstrom (nos. T, 18.and 19 samples), particularly the thickness t5 of about 25 Angstrom (no. 1 
sample) is optimum. ■ : 

w Table 5 shows MR ratios and exchange bias fields of various samples (sample nos. 1 and 21-24) with different 

annealing conditions of the antiferromagnetic material layer 1 2 (NiMn layer). It will be understood that the higher anneal- 
ing temperature, the larger-exchange bias field. However, since the process temperature cannot be kept too high as for 
manufacturing a MR transducer, it is preferred that the annealing temperature is within a range up to 400 °C (nos. 1 , 22 
and 23 samples). . * ' ' 

75 Fig. 9 illustrates thermal dependency of exchange- bias -field in samples of an example according to the present 

invention and of a reference example. The spin-valve structure of the sample according to the present invention is Ta(50 
Angstrom)/NiMn(250 Angstrom)/Co(45 Angstrom)/Cu(25 Angstrom)/NiFe(100 Angstrom)/Ta(50 Angstrom), and the 
structure of the sample according to the reference example is Ta(50 Angstrom)/NiFe(70 Angstrom)/FeMn(120 Ang- 
strom)/Co(30 Angstrom)/Cu(25 Angstrom)/NiFe(100 Angstrom)/fa(50 Angstrom); If FeMn is used for the arrtiferromag- 

20 netic layer material, the exchange bias field will monotonously decrease depending upon the annealing temperature 
and will reach to near zero Oe at 150 °C as shown by a dotted line in Fig. 9. On the contrary, if NiMn is used for the 
antiferromagnetic layer material, the exchange bias field is substantially kept at constant even at 200 °C as shown by a 
solid line in Fig. 9. Namely, according to the present invention, an excellent thermal dependency can be obtained. 
In order to test corrosion resistance of these samples, -their MR ratios are measured before and after the samples 

25 are exposed in an environment with a high temperature and a high humidity. The exposing condition is a temperature 
of 85 °C. a humidity of 85 % and a period of one week. The spin-valve structure using FeMn exhibited great deteriora- 
tion such that the MR ratio reduces from 2.5 % to 0.5 %, whereas the spih-valve structure using NiMn could keep the 
MR ratio at constant. 

An another sample with a similar pattern as that of a rea| MR transducer in a MR read head, manufactured by a 
30 photolithography, is provided other than the aforementioned sample for valuation in which a fundamental spin-valve 
structure is deposited on a glass substrate with a size of 3 inches. In this example, the spin-valve structure has a pattern 
shape of 3 x 3 um 2 as well as a hard magnetic layer and electrode layers formed on its side face. 

Fig. 10 illustrates MR response characteristics in this spin-valve structure with the similar pattern as that of a real 
MR transducer. In the figure, the ordinate represents output voltage of the MR transducer, instead of the MR ratio. The 
35 spin-valve structure of this sample is Ta(50 Angstrom)/NiMn(250 Angstrom)/Co(45 Angstrom)/Cu(25 Ang- 
strom)/NiFe(100 Angstrom)/Ta(50 Angstrom). The measuring condition is a sense current of 10 mA and an externally 
applied field of ± 40 Oe and 60 Hz. As will be apparent from the figure, a substantially linear MR response can be 
obtained under application of the external field within a range between ± 40 Oe. Furthermore, from this MR response 
characteristics, no Barkhausen noise can be recognized. This is because possible noise is restrained by using a hard 
40 film bias method which is known in the technical field of the magnetic head. 

EXAMPLE 2 

As for a sample for valuation, a double spin-valve structure shown in Fig. 4 is deposited on a glass substrate with 
as a size of 3 inches. This double spin-valve structure has a first antiferromagnetic material layer 42 of NiMn and a second 
antiferromagnetic material layer 48 of FeMn. The depositions are performed, as well as done in the example 1 , on the 
glass substrate by RF magnetron sputtering and ion beam sputtering. Conditions of the sputterings are the same as 
those in the example 1. Also, sequence of manufacturing processes of this sample is the same as indicated in Fig. 5. 
Table 6 indicates MR ratios (%) of various samples of the double spin-valve structure (sample nos. 25-27) with drf- 
so ferent thicknesses t4 of the first ferromagnetic material layer 43 (Co layer). 
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TABLE 6 



SAMPLE NO.- 


LAYER THICKNESS (A) (t1 , t2, 
• t3, t4, t5, t6..t7, t8, t9 r t10) 


MR 
RATIO (%) 


25 


(50, 50, 250, 20, 25, 100, 25, 30, 120, 50) 


3.6 


26 


(50, 50, 250, 45, 25, 100. 25, 30; 120, 50) 


4.2 


27 


(50. 50. 250, 70, 25, 100. 25; 30.-.120, 50) 


3.9 


MATERIALS ; (Ta, NiFe, NiMn, Co, Cu, NiFe, Cu t Co, FeMn, Ta) 



is In the double spin-valve structure shown in Table 6, materials of the under layer 41 are Ta and NiFe (layer thick- 

nesses tl and t2). a material of the first ant if erro magnetic layer 42 is NiMn (layer thickness t3), a material of the first 
ferromagnetic layer 43 is Co (layer thickness t4), a material of the first nonmagnetic layer 44 is Cu (layer thickness t5), 
a material of the second ferromagnetic layer 45 is NiFe (layer thickness t6), a material of the second nonmagnetic layer 
46 is Cu (layer thickness t7), a material of the third ferromagnetic layer 47 is Co (layer thickness t8), a material of the 

20 second antiferromagnetic layer 48 is FeMn (layer thickness t9), and a material of the protection layer 49 is Ta (layer 
thickness 1 10). 

Similar to the example 1 , since the NiMn layer for the first antiferromagnetic layer 42 exhibits a larger exchange bias 
field than the FeMn layer, the Co layer for the first ferromagnetic layer 43 adjacent to the NiMn layer can be formed 
thicker than that with the FeMn layer causing a higher MR ratio (no. 25-27 samples). 

25 An another sample with a similar pattern as that of a real MR transducer in a MR read head, manufactured by a 

photolithography, is provided other than the aforementioned sample for valuation in which a double spin-valve structure 
is deposited on a glass substrate with a size of 3 inches. In this example, the double spin-valve structure has a pattern 
shape of 3 x 3 pm 2 as well as a hard magnetic layer and electrode layers formed on its side face. 

MR response characteristics in this double spin-valve structure with the similar pattern as that of a real MR trans- 

30 ducer is measured. Since NiMn which exhibits a large exchange bias field is used for the first antiferromagnetic layer 
material, magnetization orientation in the first ferromagnetic layer (Co layer) 43 will not be so disturbed even rf field pro- 
duced by current flowing through the first nonmagnetic layer (Cu layer) 44 is applied thereto resulting only a few reduc- 
tion of the MR ratio. Furthermore, output voltages per unit resistance of two transducer samples respectively using 
NiMn and FeMn which materials exhibit the same MR ratio in case that the double spin-valve structures are formed on 

35 substrates with a size of 3 inches are measured. As a result, the measured output voltage of the transducer sample 
using NiMn is 1 .2 times as that of the another transducer sample using FeMn. As will be understood, using of NiMn as 
for the first antiferromagnetic layer material is very preferable to stabilize the magnetization orientations in the first fer- 
romagnetic layer 43. 

Many widely different embodiments of the present invention may be constructed without departing from the spirit 
40 and scope of the present invention. It should be understood that the present invention is not limited to the specific 
embodiments described in the specification, except as defined in the appended claims. 

Claims 

45 1 . A magnetoresistive transducer with a spin-valve structure formed on a substrate, said spin-valve structure compris- 
ing at least an antiferromagnetic material layer made of a NiMn alloy, a first ferromagnetic material layer, a nonmag- 
netic material layer and a second ferromagnetic material layer sequentially deposited on said substrate in this 
order. 

so 2. The transducer as claimed in claim 1 , wherein said transducer has a magnetoresistance ratio of 3.0 % or more and 
an exchange bias field of 100 Oe or more. 

3. The transducer as claimed in claim 1 , wherein a layer thickness of said antiferromagnetic material layer is 50-500 
Angstrom. 

55 

4. The transducer as claimed in claim 1 , wherein each of said first and second ferromagnetic material layers is made 
of an alloy containing at least one of Ni, Fe and Co, and wherein a layer thickness of said first ferromagnetic mate- 
rial layer is 15-150 Angstrom. 
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5. The transducer as claimed in claim 1 . wherein said nonmagnetic material layer is made of at least one of Cu, Ag 
and Au, and wherein a layer thickness of said nonmagnetic material layer is 15-50 Angstrom. 

6. The transducer as claimed in claim 1 , wherein said spin-valve structure further comprises an under layer deposited 
on said substrate as a lowest layer of the spin-valve structure/and wherein said under layer is made of a metal of 
at least one of Ta, Hf,-Cr;;Nb, Zr and TL 

7. A magnetoresistive transducer with a §pin-valve structure formed on a substrate, said spin-valve structure compris- 
ing at least a first antiferromagnetic material layer made of a NiMn alloy, a first ferromagnetic material layer, a first 
nonmagnetic material layer, a second ferromagnetic material layer, a second nonmagnetic material layer, a third 
ferromagnetic material layer and a second antiferro magnetic material layer sequentially deposited on said sub- 
strate in this order. 

8. The transducer as claimed in claim 7, wherein said transducer has a magnetoresi stance ratio of 3.0 % or more and 
an exchange bias field of 100 Oe or more. ... 

9. The transducer as claimed in claim 7 t wherein a layer thickness of said first antiferromagnetic material layer is 50- 
500 Angstrom. 

10. The transducer as claimed in claim 7, wherein each of said first, second and third ferromagnetic material layers is 
made of an alloy containing at least one of Ni, Fe and Co, and wherein a layer thickness of said first ferromagnetic 
material layer is 15-150 Angstrom. 

1 1 . The transducer as claimed in claim 7, wherein each of said first and second nonmagnetic material layers is made 
of at least one of Cu, Ag and Au, and wherein a layer thickness of said first nonmagnetic material layer is 15-50 
Angstrom. 

1 2. The transducer as claimed in claim 7. wherein said spin-valve structure further comprises an under layer deposited 
on said substrate as a lowest layer of the spin-valve structure, and wherein said under layer is made of a metal of 
at least one of Ta, Hf , Cr, Nb, Zr and Ti. 

1 3. A method of manufacturing a magnetoresistive transducer with a spin-valve structure, said method including a dep- 
osition process for depositing thin-film layers on a substrate and an annealing process of annealing said deposited 
layers in a magnetic field; 

said deposition process comprising steps of sequentially depositing at least an antiferromagnetic material 
layer made of a NiMn alloy, a first ferromagnetic material layer, a nonmagnetic material layer and a second ferro- 
magnetic material layer on said substrate in this order; and > 

said annealing process being performed before said depositing steps of the nonmagnetic material layer and 
the second ferromagnetic material layer. 

14. The method as claimed in claim 13, wherein said annealing process is a process for forming 9 phase of said NiMn, 
and is performed after said depositing step of the first ferromagnetic material layer. 

15. The method as claimed in claim 13, wherein said annealing process is a process for forming 6 phase of said NiMn, 
and is performed before said depositing step of the first ferromagnetic material layer. 

1 6. A method of manufacturing a magnetoresistive transducer with a spin-valve structure, said method including a dep- 
osition process for depositing thin-film layers on a substrate and an annealing process of annealing said deposited 
layers in a magnetic field; 

said deposition process comprising steps of sequentially depositing at least a first antiferromagnetic material 
layer made of a NiMn alloy, a first ferromagnetic material layer, a first nonmagnetic material layer, a second ferro- 
magnetic material layer, a second nonmagnetic material layer, a third ferromagnetic material layer and a second 
antiferromagnetic material layer; and 

said annealing process being performed before said depositing steps of the first nonmagnetic material layer 
and the second ferromagnetic material layer. 

17. The method as claimed in claim 16, wherein said annealing process is a process for forming 9 phase of said NiMn, 
and is performed after said depositing step of the first ferromagnetic material layer. 
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18. The method as claimed in claim 16, wherein said annealing process is a process for forming e phase of said NiMn, 
and is performed before said depositing step of the first ferromagnetic material layer. 
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